Introduction {#sec1}
============

In 2011--2014, 17.5% of children in the USA aged 6--11 y were classified as having obesity ([@bib1]). A greater percentage of Hispanic children of this age group are affected by obesity than their non-Hispanic white counterparts (25.0% and 13.6%, respectively) ([@bib1]). Low socioeconomic status (SES) is also linked to increased obesity prevalence in youth ([@bib4]). This is a serious concern, as childhood obesity is associated with a multitude of health problems such as cardiovascular disease, type 2 diabetes (T2D), and other metabolic diseases ([@bib2], [@bib5]) both in childhood and later in life. Many studies have examined the effects of fruit and vegetable (FV) intake on weight gain; however, the results are mixed and vary significantly. Some studies show null results, whereas others demonstrate that increased FV intake is associated with decreased weight gain and obesity ([@bib8]). Although the findings for FV intake and its mitigating effect on weight gain are inconclusive, FV intake has been shown to be inversely associated with T2D risk, visceral fat, liver fat, and insulin resistance in Hispanic children ([@bib11], [@bib12]). Additionally, FV consumption may reduce the risk of metabolic diseases ([@bib10], [@bib13]).

The majority of children in the USA do not meet the dietary guidelines for FV, and Hispanic children and children from low SES households are at an even greater risk of not meeting these guidelines ([@bib13]). FV consumption is predicted by FV preference ([@bib17]), and food preferences are formed during childhood ([@bib18]). It has been shown that repeated exposure to a particular food is correlated with developing a preference for that food ([@bib19]). Children typically do not like vegetables, so it is essential to expose them to vegetables as a means of increasing their preference for vegetables early on ([@bib20]). Fruit and vegetable consumption is beneficial to overall health and needs to be integrated into the diets of US children, especially high-risk children, in order to decrease obesity and obesity-related diseases in this population. Finding novel ways to improve FV intake in these high-risk populations is warranted.

Although the majority of school-based cooking interventions show promise in effectively improving vegetable preference (VP) and consumption in children, a few studies have shown no difference in vegetable consumption between intervention participants and controls ([@bib8], [@bib21]). One reason for these inconsistent results may be because of the degree of cooking activities in these interventions differs widely. Food preparation skills have been identified as an important factor in improving FV consumption, and a lack of these skills is a barrier to healthy food preparation and consumption ([@bib24]). One study found that cooking classes increase FV consumption in children, and numerous other studies have found that children who cook with their parents eat more FV than children whose parents cook without their child\'s involvement ([@bib25]). School-based gardening interventions have also shown inconsistent results in reporting interventional effects on increasing FV consumption among children ([@bib8]). A review of literature posited that future garden interventions may benefit from adding a parental component ([@bib8]).

Because parents play such a key role in determining what a child consumes, it is necessary to engage both children and parents in efforts to improve children\'s dietary intake ([@bib14]). Numerous parent behaviors have been identified as key contributors to improving child dietary intake, such as providing access to vegetables at home and preparing meals together with their children ([@bib14], [@bib29]). Parental engagement of their children in food preparation/cooking activities as well as making healthy options available for their children could be a prudent way to improve the dietary intake of a child.

School-based cooking and gardening interventions that have involved children and their parents, particularly those low-income and minority families, appear to be a promising strategy to get children to prepare meals with their parents at home ([@bib29]). Although many school-based intervention studies include cooking activities in their curriculum and show improvements in VP and consumption in children ([@bib8], [@bib21], [@bib30]), few studies have examined the effects of cooking skills and increased cooking in the home on FV preference and intake. The aim of this cross-sectional study was to examine the associations between baseline child cooking involvement (CCI) with FV preferences and intake in low-income Hispanic 3rd grade students in the Texas, Grow! Eat! Go! (TGEG) randomized controlled trial (RCT) ([@bib29], [@bib31]). It was hypothesized that greater CCI would be associated with greater preferences for and intake of fruits and vegetables as well as greater vegetable exposure (VE).

Methods {#sec2}
=======

Study design {#sec2-1}
------------

Baseline data from the TGEG intervention were used for this study. TGEG was a 4-way group RCT in which 28 schools from 4 counties in Texas were randomly assigned to 1 of the following groups: *1*) Coordinated School Health (CSH) only (control group), *2*) CSH plus gardening and nutrition intervention (Learn! Grow! Eat! Go! or LGEG group), *3*) CSH plus physical activity intervention (Walk Across Texas or WAT group), and *4*) CSH plus LGEG plus WAT (combined group). In Texas, state policy requires all elementary schools to implement a specific Texas Education Agency-approved Coordinated School Health program (Texas Education Code § 38.0141). Schools that had selected the Coordinated Approach to Child Health (CATCH) were recruited for the TGEG study to allow for comparability of the study schools. This research was approved by the Texas A&M University Institutional Review Board (\# IRB 2011--0012) and the University of Texas Health Sciences IRB, the Committee for the Protection of Human Subjects (\#HSC-SPH-10-0733). All procedures were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. Informed consent was obtained from all participants included in the study.

School eligibility criteria {#sec2-2}
---------------------------

Schools were eligible for this study if they met the following criteria: *1*) classified as a Title I school (≥40% of the students live in low-income households), *2*) located within 4 geographically distinct areas in Texas (Central Texas, Brazos Valley, Coastal South Texas, and South East Texas), *3*) CATCH implemented as chosen CSH program ([@bib32]), *4*) district, principal, and 3rd grade teacher commitment, and *5*) willingness to allow data collection.

Subjects {#sec2-3}
--------

The TGEG study aimed to recruit 50 student/parent dyads from each school to achieve a total sample size of 1600 dyads. Study packets were sent home with 3rd grade students at the selected schools at the beginning of the school year in 2013 (cohort 1) and in 2014 (cohort 2), which included consent forms to be signed by parents. To be eligible for the study, students had to meet the following criteria: *1*) enrollment in 3rd grade at a selected school and *2*) willingness to complete the student survey at 4 time points throughout the study. Students were not eligible if they were on a special diet or if their first language was not English or Spanish. Parents had to be able to read English or Spanish and be a parent or primary caretaker of a 3rd grade student. All children received the intervention; thus, parents did not have to participate in order for their child to participate in the study. Children gave assent at the first data collection session and also received a small incentive (i.e. ruler, measuring spoons, etc.). Parents did not receive incentives for participating in the study. The current analyses only used baseline data and more detailed information on the intervention groups and the actual interventions are published elsewhere ([@bib29], [@bib32]).

Measures {#sec2-4}
--------

The TGEG research team collected anthropometric and survey data from all 3rd grade students with a signed parental consent. Data collection occurred during the school day at a time arranged with each school\'s administrative staff. Prior to the start of data collection, each child was asked to complete an assent form. All data collections were conducted by trained research staff that were proficient in both English and Spanish. Child height was assessed using a stadiometer (Seca, Birmingham, UK) CDC reference values ([@bib5]). CCI, VE, VP, vegetable intake (VI), and fruit intake (FI) were assessed via the Child Survey, which was developed using previously validated questionnaires including the School Physical Activity and Nutrition (SPAN) Survey ([@bib33]), the GIMME5 Survey ([@bib34]), and the Marathon Kids Survey ([@bib35]), with additional questions that address cooking created specifically for this study. The Child Survey was available in both English and Spanish languages. VI was assessed using questions asking about foods consumed the prior day. VP and VE for 19 different vegetables were assessed using the questions "do you like to eat..." and "have you eaten...", respectively. More detailed information on measure development, self-reported variables, and student-parent interaction variables are published elsewhere ([@bib29]). [**Table 1**](#tbl1){ref-type="table"} provides a complete list of the questions that were used in these analyses.

![(A) Comparison of child cooking involvement groups with average vegetable intake and average fruit intake; (B) comparison of child cooking involvement groups with vegetable exposure and vegetable preference.](nzaa028fig1){#fig1}

###### 

Texas, Grow! Eat! Go! Key outcome variables and cooking questions

  Outcome variable                    Example item                                                                                                   \#Items   Response options
  ----------------------------------- -------------------------------------------------------------------------------------------------------------- --------- ---------------------------------------------------------------------------------------------
  Child Survey                                                                                                                                                 
   Vegetable preference               Do you like to eat...? (list of 19 vegetables)                                                                 19        0--1 (0 = no, 1 = yes)
   Vegetable exposure                 Have you eaten...? (list of 19 vegetables)                                                                     19        0--1 (0 = no, 1 = yes)
   Vegetable intake                   Yesterday, did you eat any orange vegetables like carrots, squash, or sweet potatoes?                          4         0--3 (0 = none, 1 = 1 time yesterday, 2 = 2 times yesterday, 3 = 3 or more times yesterday)
   Fruit intake                       Yesterday, did you eat fruit? Fruits are all fresh, frozen, canned or dried fruits. DO NOT COUNT fruit juice   1         0--3 (0 = none, 1 = 1 time yesterday, 2 = 2 times yesterday, 3 = 3 or more times yesterday)
   Child cooking involvement          How often do you help make food with members of your family?                                                   1         0--2 (0 = never or almost never, 1 = sometimes, 2 = almost always or always)
  Parent Survey                                                                                                                                                
   Parent support for child cooking   During the week, did you do the following with your child? Prepared food together                              2         0--1 (0 = no, 1 = yes)

Statistical analysis {#sec2-5}
--------------------

Among our 3rd grade sample, participation rates varied per school with a mean participation rate of 56% (participation scores ranged from 24% to 90%). The goal of the TGEG study was to recruit 50 child/parent dyads per school. This goal was met in 56% of the schools; 64% of the schools had ≥40 child/parent dyads. Sociodemographic data were collected on a sample of 1326 students. After accounting for missing data, a sample size of 1231 consisting of complete data was used for all analyses. Outcome variables (VP, VE, VI, FI) as well as outcome residuals were assessed for normality using histograms and box plots. Kurtosis and skewness of outcome residuals were also examined. Dependent variables did not violate normality; thus, all variables included in these analyses were normally distributed. Separate linear regression models were run to examine the relations between CCI (independent variable) and VP, VE, and VI (dependent variables). A priori covariates for all analyses included: TGEG treatment group, age, sex, and race/ethnicity. SPSS Statistics for Macintosh, Version 25.0 (IBM Corp.) was used for all analyses. A Bonferroni correction post hoc analysis for all dependent variables was conducted to account for multiple comparisons and an adjusted *P* value of *P = *0.0125 was used to denote significance.

Results {#sec3}
=======

Demographic information, anthropometrics and BMI status, VI, FI, VP and exposure scores, and CCI at baseline are presented in [**Table 2**](#tbl2){ref-type="table"}. Study participants were 49% male and 43% Hispanic with an average age of 8.3 y, and 49% of the participants had overweight or obesity.

###### 

Texas, Grow! Eat! Go! Child baseline characteristics[^1^](#tb2fn1){ref-type="table-fn"}

  Characteristics                                     Total (%) or mean *± *SD
  --------------------------------------------------- --------------------------
  Demographics                                        
   Male                                               603 (49.0)
   Age, y                                             8.3 ± 0.6
   Free/reduced lunch                                 700 (56.9)
  Race/ethnicity[^2^](#tb2fn2){ref-type="table-fn"}   
   Hispanic                                           502 (42.8)
   White                                              233 (19.9)
   African American                                   205 (17.5)
   Other[^3^](#tb2fn3){ref-type="table-fn"}           232 (19.8)
  Anthropometrics                                     
   Height, cm                                         132.6 ± 6.5
   Weight, kg                                         34.1 ± 9.8
   BMI, kg/m^2^                                       19.3 ± 4.3
   Overweight or obese, ≥85th percentile              598 (48.6)
  Dietary intake and preference                       
   Vegetable intake, times/d                          2.6 ± 2.5
   Fruit intake, times/d                              2.7 ± 1.9
   Vegetable preference                               8.9 ± 4.1
   Vegetable exposure                                 12.3 ± 4.0
  Child Cooking Involvement                           
   Never or almost never                              235 (18.2)
   Sometimes                                          577 (44.8)
   Almost always or always                            477 (37.0)

Adapted with permission from Evans et al. (BMC Public Health 2016); *n* = 1231.

Ethnicity, *n* = 1172.

Other = American Indian or Alaskan Native, Native Hawaiian or Pacific Islander, identifies with \>1 race, or Asian (parent-reported).

[**Table 3**](#tbl3){ref-type="table"} displays linear regression results. Significant associations were found between always cooking with your family and VP, VI, and FI (*P *= 0.0125 for all models). Compared with children that were never involved in family cooking, children that reported always being involved in family cooking had higher VP (β = 3.26; 95% CI: 1.67--4.86; *P *\< 0.01); higher VE (β = 2.26; 95% CI: 0.67--3.85; *P *\< 0.01); and higher vegetable and fruit consumption (β = 2.45; 95% CI: 1.47--3.44; *P *\< 0.01, and β = 0.93; 95% CI: 0.48, 01.39; *P *\< 0.01, respectively). When a child was sometimes involved in family cooking compared with never being involved in family cooking, VI and fruit consumption were higher (β = 1.47; 95% CI: 0.51, 2.42; *P *\< 0.01, and β = 0.64; 95% CI: 0.20, 1.08; *P *\< 0.01, respectively). [**Figure 1**](#fig1){ref-type="fig"} depicts the comparison of family cooking and the various vegetables and fruit categories. There were no interaction effects of race/ethnicity or sex with family cooking involvement on any of the dependent variables; therefore, linear regression models were not run on data stratified by race/ethnicity or sex.

###### 

Linear regression results of main effects and interaction effects of sex, ethnicity, treatment group, and child cooking involvement on vegetable preference, vegetable exposure, vegetable intake, and fruit intake

                                                      Vegetable preference   Vegetable exposure   Vegetable intake   Fruit intake                                                                                             
  --------------------------------------------------- ---------------------- -------------------- ------------------ -------------- --------------- ------------ ------- --------------- ------------ ------- --------------- ------------
  Sex                                                 ---                    ---                  0.92               ---            ---             0.34         ---     ---             0.51         ---     ---             0.57
  Race/ethnicity[^2^](#tb3fn2){ref-type="table-fn"}   ---                    ---                  0.30               ---            ---             0.85         ---     ---             0.31         ---     ---             **0.00**
   Hispanics                                          Ref                    Ref                  Ref                Ref            Ref             Ref          Ref     Ref             Ref          Ref     Ref             Ref
   Other                                              0.51                   (−0.49, 1.51)        0.32               0.80           (−0.20, 1.80)   0.12         0.31    (−0.31, 0.92)   0.33         0.20    (−0.80, 0.17)   0.10
   African Americans                                  0.36                   (−0.59, 1.31)        0.46               0.14           (−0.81, 1.09)   0.78         0.02    (−0.57, 0.61)   0.95         0.06    (−0.70, 1.62)   0.20
   White                                              −0.63                  (−1.70, 0.44)        0.28               0.40           (−0.66, 1.47)   0.46         −0.46   (−1.12, 0.20)   0.17         −0.19   (0.29, 0.67)    0.41
  TGEG treatment[^3^](#tb3fn3){ref-type="table-fn"}   ---                    ---                  0.23               ---            ---             0.85         ---     ---             0.65         ---     ---             0.43
  Family cooking                                      ---                    ---                  **\<0.01**         ---            ---             **\<0.01**   ---     ---             **\<0.01**   ---     ---             **\<0.01**
    Never                                             Ref                    Ref                  Ref                Ref            Ref             Ref          Ref     Ref             Ref          Ref     Ref             Ref
    Sometimes                                         1.61                   (0.07, 3.15)         0.04               1.47           (−0.70, 3.00)   0.06         1.47    (0.51, 2.42)    **\<0.01**   0.64    (0.20, 1.08)    **\<0.01**
    Always                                            3.26                   (1.67, 4.86)         **\<0.01**         2.26           (0.67, 3.85)    **\<0.01**   2.45    (1.47, 3.44)    **\<0.01**   0.93    (0.48, 1.39)    **\<0.01**
  Race/ethnicity × CCI interaction                    ---                    ---                  0.17               ---            ---             0.17         ---     ---             0.42         ---     ---             0.62
  Sex × CCI interaction                               ---                    ---                  0.56               ---            ---             0.26         ---     ---             0.83         ---     ---             0.78

Post hoc analysis Bonferroni correction adjusted *P* values to determine statistical significance for dependent variables (*P *= 0.0125); significant *P* values (\<0.0125) are bolded.

Ethnicity: *1*) Other (which includes the following: American Indian or Alaskan Native, Native Hawaiian or Pacific Islander, Other, identifies with \>1 race, and Asian), *2*) African American, *3*) White, and *4*) Hispanic.

TGEG treatment included 4 treatment groups: *1*) Coordinated School Health (CSH) only (control group), *2*) CSH plus gardening and nutrition intervention (Learn! Grow! Eat! Go! or LGEG group), *3*) CSH plus physical activity intervention (Walk Across Texas or WAT group), and *4*) CSH plus LGEG plus WAT (combined group).

95% CI, 95% confidence interval; B, Beta Statistic, CCI, child cooking involvement; Ref, reference group; TGEG, Texas, Grow! Eat! Go!

Discussion {#sec4}
==========

Our results showed a positive association between children who prepared food with their families and FV consumption, demonstrating that this may be an effective strategy to improve dietary intake of healthy foods in this high-risk population. Studies have shown the link between exposure to a food and preference for that food; thus, improving a child\'s willingness to taste a vegetable as well as improving their preferences for that vegetable are crucial steps in getting children to consume more vegetables ([@bib18], [@bib19]).

School-based cooking interventions show promise in raising parental awareness about healthy foods and encouraging parents to make meals with their children at home ([@bib29]). One study from Switzerland, randomly assigned 47 children (aged 6--10 y) to either the "child cooks" condition, where the child helped the parent prepare a lunch meal, or the "parent cooks" condition, where the parent cooked alone, but the lunch meal was identical. Results showed that children in the "child cooks" condition ate 76% more salad at the subsequent meal than children in the "parent cooks" condition ([@bib19]). Similarly, a study conducted with 3398 5th grade children found that children who were more involved in preparing meals at home with their parents compared with those not involved ate an additional serving of fruits and vegetables ([@bib36]). These results are consistent with the findings of the present study, demonstrating that children cooking with their parents at home had higher intakes of FV. The aforementioned studies also highlight the importance of parental involvement, as parental involvement plays a key role in influencing the FV consumption of their children ([@bib29]). A systematic review examining the influence of gardening interventions on FV consumption found that increases in FV consumption were not consistently found among the 13 review studies ([@bib37]). The review surmised that perhaps the lack of access to FV in the home may have resulted in no intervention effects on FV consumption and suggested that future garden interventions for children may benefit from adding a parental component ([@bib8]).

The mechanism by which cooking increases child FV intake can be explained by cognitive factors such as attitudes and self-efficacy. Cooking interventions have been shown to significantly increase attitudes towards cooking and self-efficacy ([@bib22], [@bib30], [@bib50]). Increases in food preparation have also been linked to greater fruit and VP and self-efficacy for cooking and healthy eating ([@bib36], [@bib51]). Another factor influencing a child\'s food choice is parental modeling. Parents play a critical role in determining what their child eats, and parental behaviors such as making healthful options like fruits and vegetables available at home as well as preparing meals together with their children ([@bib29]) have been linked to improvements in children\'s dietary intake. Mothers are often presumed to be the nutritional gatekeepers of the home environment; however, studies have found that fathers also play a role in the nutritional content of foods in the home ([@bib52], [@bib53]). Developing a deeper understanding of the role both parents play in improving a child\'s dietary intake and the interplay of psychosocial factors on improving a child\'s dietary intake is warranted.

Cooking interventions are gaining popularity as a means to get children in the kitchen and subsequently improve their dietary intake, but the components and strategies used in these interventions vary widely. Sometimes the children are taught food preparation skills in a hands-on fashion and sometimes children watch cooking demonstrations. Because cooking with children can be laborious as well as quite costly, the cooking component tends to be watered down when interventions are scaled up ([@bib54]). Our findings suggest that hands-on cooking and involvement in food preparation are associated with higher FV intake, indicating that cooking should be a primary focus of future interventions that target improving dietary intake in children, despite the potential cost and labor intensiveness. Our study also highlights the importance of parental involvement in cooking interventions, as this critical component should not be overlooked when developing such programs.

This study has a few limitations that need to be addressed. The dietary behaviors of participants were assessed using a questionnaire that only asked about foods eaten "yesterday." The potential problem exists that the previous day\'s intake is not reflective of a child\'s overall dietary intake. Also, the young age of the students poses the potential issue of a lack of reading comprehension and full understanding of the questions being asked ([@bib55]). However, survey questions were field tested in the target population. Response bias may have also been an additional limitation of this study. Socially desirable response (SDR) or providing responses to present oneself in a more "healthy" image has been found in dietary intake research ([@bib58], [@bib59]). In an effort to reduce any potential SDR and limit the impact of overreporting "healthier" foods on the results, this study used the following recommended procedures of: *1*) protecting respondent anonymity, *2*) assuring respondents that there were no right or wrong answers to the survey questions, and *3*) asking respondents to answer all survey questions as truthfully as possible ([@bib60]).

Children do not eat enough fruits and vegetables, which are essential to health and the prevention of disease ([@bib10], [@bib13]). Thus, it is important to determine the most effective ways to increase FV consumption. It is especially critical to improve FV intake in high-risk, low-income populations, as these children are at a disproportionately higher risk of developing obesity and obesity-related diseases. This study shows that involving high-risk, minority children in food preparation at home may be positively associated with the intake of fruits and vegetables as well as willingness to try and preference for vegetables. Since home meal preparation is inversely associated with per capita food expenses, cooking at home is a feasible strategy to improve dietary intake without increasing expenses for low-income, Hispanic families ([@bib27]). Further interventions that target parents and children cooking together at home, especially in Hispanic and/or low-income populations are warranted.
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